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which has been successfully used in a multistate, multidisciplinary research project to establish baseline 
values for the United States. To accurately determine building emission rate (ER, the product of pollutant 
concentration and exhaust airflow rate), accurate measurements must be made over representative 
periods and production phases. We present an innovative, low-cost, and accurate methodology that 
allows multiple buildings to be sampled in sequential order, provided that appropriate biosecurity 
measures are taken. Direct ventilation measurement is used in broiler houses, and in some layer 
operations, the number of fans is few enough that each fan can be individually calibrated in situ with a fan 
assessment numeration system device. For larger layer buildings with more than 15 fans, building 
ventilation is obtained from a tracer gas balance, utilizing CO2 generated by birds and feces. Other 
methods to determine building ventilation rate, which do not account for mechanical condition and 
degree of maintenance, both of which significantly affect actual fan capacity, introduce large errors. 
Twenty-eight portable monitoring units were fabricated and used for field acquisition of exhaust NH3 and 
CO2 concentrations and building static pressure. Ammonia is measured with redundant electrochemical 
sensors that are cyclically purged to eliminate errors caused by saturation from continuous exposure to 
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SUMMARY
We present a measurement method for NH3 emissions from mechanically ventilated poultry
buildings, which has been successfully used in a multistate, multidisciplinary research project to
establish baseline values for the United States. To accurately determine building emission rate
(ER, the product of pollutant concentration and exhaust airflow rate), accurate measurements
must be made over representative periods and production phases. We present an innovative, low-
cost, and accurate methodology that allows multiple buildings to be sampled in sequential order,
provided that appropriate biosecurity measures are taken. Direct ventilation measurement is used
in broiler houses, and in some layer operations, the number of fans is few enough that each fan
can be individually calibrated in situ with a fan assessment numeration system device. For larger
layer buildings with more than 15 fans, building ventilation is obtained from a tracer gas balance,
utilizing CO2 generated by birds and feces. Other methods to determine building ventilation rate,
which do not account for mechanical condition and degree of maintenance, both of which
significantly affect actual fan capacity, introduce large errors. Twenty-eight portable monitoring
units were fabricated and used for field acquisition of exhaust NH3 and CO2 concentrations and
building static pressure. Ammonia is measured with redundant electrochemical sensors that are
cyclically purged to eliminate errors caused by saturation from continuous exposure to air laden
with NH3. The redundant NH3 unit minimizes missing data due to sensor failure.
Key words: emission, ventilation, air quality, broiler, layer
2005 J. Appl. Poult. Res. 14:622–634
DESCRIPTION OF PROBLEM
To obtain poultry building emission rates
(ER), one needs to know the concentration of the
aerial pollutant of concern at the source and the
corresponding air exchange rate through the
1To whom correspondence should be addressed: Rich.Gates@uky.edu.
2The information reported in this paper (number 04-05-144) is part of a project of the Kentucky Agricultural Experiment
Station and is published with the approval of the Director. The use of trade and company names in this publication does
not imply endorsement by the University of Kentucky or its Experiment Station of the products or companies named or
criticism of similar ones not mentioned.
source. Past experiences have repeatedly shown
that it is a formidable task to reliably quantify
either of the variables, on a continuous and ex-
tended basis for concentrated animal feeding op-
erations (CAFO). The challenge associated with
measuring concentration stems from the harsh
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nature of the sample air that analytical instruments
are not typically designed to handle; high costs
of precision instruments; large number of opera-
tions, variation among operations, and production
and climatic variations that should be included in
such monitoring to make the results truly repre-
sentative of industry practices; and relative immo-
bility of expensive instruments once installed on
site. The challenge of measuring building ventila-
tion involves the large number of fans for some
mechanically ventilated facilities, inherent varia-
tions in airflow rate among fans due to their condi-
tions of operation (belt tightness, degree of shutter
opening, dust on blades and shutters, and motor
wear), and great difficulty of determining ventila-
tion rate (VR) for naturally ventilated facilities.
Nonetheless, the quest continues to explore mea-
surement apparatuses that are more affordable yet
produce acceptable ER values.
Two multistate and agency projects, funded
by the USDA Initiative for Future Agriculture
and Food System (IFAFS) to collect some of the
needed ER data in the United States are nearing
completion. One project [1], involving 6 states
(IA, IN, IL, MN, NC, and TX), focuses on ER
measurements of dust, odor, and gases for primar-
ily growing-finishing swine, plus broiler (NC) and
laying hen operations (IN). The other project [2],
involving 7 states and agencies, deals exclusively
with measurement of NH3 ER from poultry facili-
ties [i.e., broiler houses (KY and PA) and egg-
laying facilities (IA and PA)]. The swine and
poultry project uses sophisticated laboratories
(portable trailers with stationary equipment, total
cost estimated to be $125,000 to $200,000) in-
stalled at the farm sites, 1 site per state and 2
houses per site or state [1]. The poultry project
uses less expensive (about $4,500) portable units,
and a sampling strategy of monitoring more facili-
ties per state (8 broiler houses in KY, 4 in PA;
8 layer houses in IA, 4 in PA). Both projects use
a newly improved device for in situ measurements
of fan airflow rate [3, 4].
The CO2 balance-based determination of
building VR was used for laying hen houses in
this study [5]. This method uses the relation be-
tween CO2 production and O2 consumption of
birds, a representative respiratory quotient, total
mass of birds in the building, and adjustments for
CO2 production from feces. This method has been
a primary means of estimating VR in the past [6,
7]. Our team has improved the inherent accuracy
by using updated heat and moisture production
relations [8, 9], and the daily average VR has
been shown to be within 1% of the direct measure-
ment (r2 = 0.96) [5].
Emission calculation consists of determining
the level of pollutant being discharged from the
poultry house multiplied by the VR of air dis-
charged from the house. Sensing instruments for
NH3, H2S, and particulates are available for accu-
rately determining pollutant level during research
studies. It is more difficult to obtain an accurate
estimate of the VR of a building [6, 7, 10], which
can contribute the greatest uncertainty in emis-
sions calculation. An innovative system for inde-
pendently determining these 2 factors (concentra-
tion and VR) is outlined in the following sections.
The objective of this paper was to describe
the development and operation of the ER mea-
surement methodology used in the poultry NH3
IFAFS project. The portable concentration-moni-
toring unit (PMU), fabricated with commercially
available components, was used to continuously
measure and record aerial NH3 and CO2 concen-
trations exhausted from poultry buildings. The
building ventilation is measured in one of two
ways (directly as described below or indirectly
via CO2 balance). Combined, this methodology
has enhanced our ability to economically assess
building NH3 ER.
REGULATORY ENVIRONMENT
Although the federal Clean Air Act (CAA)
has not typically been enforced within animal
agriculture, the act did not specifically exempt
agriculture or CAFO. A published overview of
the CAA [11] is over a decade old; more current
citations pertinent to agriculture are recently
available [12, 13, 14, 15]. Several compounds
emitted from a CAFO are considered to be regu-
lated air pollutants [16] and are subject to compli-
ance with CAA Title V for emissions thresholds
and with the National Ambient Air Quality Stan-
dard (NAAQS), which place limits on concentra-
tions (see for example, [17]). Of concern to poul-
try operations is the CAA Title V requirement
for a facility to obtain a permit if emissions of
regulated pollutants exceed 100 tons/yr. The En-
vironmental Protection Agency (EPA) has issued
actions [18] for particulate matter from layer oper-
ations. Civil lawsuits [19] have challenged broiler
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FIGURE 1. Transient response over a 48-h period of the PAC-III NH3 sensor to periodic sampling (45.8 ppm
calibration gas) and purging (fresh air). Sampling period 5 min, purging period 10 min [31].
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FIGURE 2. Photograph of a portable monitoring unit (PMU) as used by the research team.
CAFO to comply with the Comprehensive Envi-
ronmental Response, Compensation and Liability
Act (CERCLA) reporting requirements, which
specify that emissions (including NH3 and H2S)
exceeding 100 lb/d must be reported. Pollutants
for which NAAQS have been established are Pb,
SO2, NO2, CO, particulate matter (PM10 and
PM2.5) and ozone (O3, including its precursors
(NOx), and volatile organic compounds [16, 17].
NH3 is not currently regulated as a criteria pollut-
ant for the purposes of the CAA.
With emerging pressure to regulate agricul-
tural enterprises under these laws [15, 18, 19, 20,
21], consent agreements with US EPA have been
proposed [22] to allow time for emissions study
and mitigation within animal agriculture while
protecting participants against possible federal
lawsuit for past and current violations. For poultry
housing, the primary concern for regulatory com-
pliance will be with NH3 emissions. Particulates
(dust) may be of concern for layer houses and
perhaps large broiler complexes [23]. H2S will
be an unlikely regulatory issue for poultry farms
but will be of concern to the swine industry. Es-
sentially, if a farm site exceeds limits on any of
the compounds regulated by the CAA (typically
100 ton/y) then a permit will be needed. Further,
emissions of NH3 and H2S in excess of 100 lb/d
trigger the CERCLA reporting requirement.
WHY AMMONIA?
Ammonia can contribute to degradation of
water quality when deposited in surrounding wa-
ter bodies [20, 21]. In gaseous form, it may travel
long distances before deposition so it forms a
regional and national problem downwind of its
source [20, 21]. Ammonia is a precursor to sec-
ondary particulates via its ability to chemically
react with other atmospheric pollutants, including
NOx and SO2, contributing to the formation of
regional haze. The EPA has recently updated its
national NH3 inventory, and poultry are named as
the largest contributor amongs animal husbandry
operations [24].
Ammonia is generated during the chemical
and microbial breakdown of uric acid after excre-
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tion from the bird. Lower pH, lower temperature,
and lower manure moisture content each reduce
NH3 volatilization so manure management is a
key to reducing NH3 emissions [25, 26, 27, 28].
For a broiler house with 30,000 birds, daily emis-
sions over 1.5 g/bird will provide greater than the
CERCLA NH3 threshold of 100 lb/d. For a layer
house with 100,000 birds, daily NH3 emissions
over 0.45 g/bird will exceed the threshold. Prelim-
inary results from this study suggest that a broiler
house emission may be over the CERCLA thresh-
old during later growth stages when birds are near
market weight [2]. High-rise layer houses will
likely be over limit most days of the year, whereas
manure belt layer houses will be under limit. This
latter evaluation does not include NH3 emission
from manure storage associated with manure belt
houses [29, 30].
DEVELOPMENT OF THE PMU
Evaluation and Selection of NH3 Monitors
Past experiences of the authors and other re-
searchers [31, 32] suggest that properly calibrated
and operated electrochemical (EC) sensors could
provide a reasonable measurement of NH3 con-
centration. It was our expectation that recent ad-
vancement of technology had led to further im-
proved quality of the products. EC sensors are
more affordable and portable than analyzers using
infrared, thermal oxidation, or open-path optical
technologies [33, 34] and they compare favorably
with chemiluminescence sensors [35] used in the
other IFAFS project [1]. In principle, use of EC
sensors allows collection of data from more poul-
try houses than can be done with a more expensive
and less portable methods, especially on a fixed
budget. This led to our decision to evaluate EC
NH3 monitors. A complete description of the
methodology and results of these evaluations are
given in [35]. After this evaluation, which in-
cluded static repeatability, transient response, drift
characteristics, and ability to withstand saturation
by regular periodic purging, we selected for field
use the Pac III H with a 0 to 200 ppm sensor and
a H2S filter [36]. The Pac III H has a resolution
of 1 ppm, and an internal data storage capacity
of 7,200 points. An optional kit (with GasVision
software, download module cable and 120 V
power adapter) is used in conjunction with the
Pac III H for the logger programming and data re-
trieval.
Electrochemical sensors have an inherent
characteristic of saturation when continuously ex-
posed to NH3-laden air. As such, these units are
designed for background NH3 monitoring, in
which normally little or no NH3 exists in the
environment [37]. When NH3 is present, the unit
will detect and send out an alarm signal as speci-
fied. For the monitors to be used in continuous
monitoring of NH3 in CAFO settings, the sensors
must be periodically rejuvenated. Our first evalua-
tion was to quantify the responses of this model
(and other models as described in [35]) to continu-
ous exposure of 45.8 ppm NH3 with N2 balance
span gas (±2% accuracy) [38] at a flow rate 0.5
L/min for 20 h. The Pac III H monitor had a good
initial indication of the NH3 level but quickly
began to deviate from the true value. The mea-
sured values during the 20-h exposure period av-
eraged 50.7 (±5.6) ppm. This result confirmed
our concern about the inadequacy of continuously
exposing EC sensors to NH3-laden air.
To rejuvenate the sensors, zero gas must be
regularly introduced to the units, and we refer to
this action as purging. After an evaluation of the
time requirements for purging and sampling, a
combination of 2 min of sampling and 8 min
of purging appeared sufficient and were further
evaluated. The time-series readings of the Pac III
H were mostly steady during the sampling and
purging phases with tendency of overshooting
below zero during the initial part of the purg-
ing phase.
A longer-term 48-h evaluation of the Pac III
H unit with the same 45.8 ppm NH3 calibration
gas was performed to further quantify the re-
sponses of the sensor to sampling-purging cycles.
A 48-h period was chosen based on the intended
measurement duration per monitoring event in
the field. The sampling and purging times were
increased to 5 and 10 min, respectively, in antici-
pation of higher field NH3 concentrations, which
could increase the purging time requirement.
Also, fresh air instead of N2 gas was used for
purging to represent the field-monitoring situa-
tion. Figure 1 shows portions of the dynamic
response profile of the EC sensor for the begin-
ning, middle, and end of the 48-h period. Maxi-
mum concentrations recorded by the sensor for
each sampling cycle ranged from 46 to 48 ppm
during the first 18 h and gradually increased to
51 ppm by the end of the 48-h period. The purge
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FIGURE 3. Schematic of the portable monitoring unit (PMU) [27, 31].
reading was always zero at the start of each cycle
and then drifted up or down during the remainder
of the purge cycle (Figure 1). This zero drift
varied from zero for the first 6 h, to slightly nega-
tive (−1 to −2 ppm) from 6 to 13 h, and then
drifted up to 4 to 5 ppm after about 24 h. These
changes over time in span and zero demonstrate
why an EC sensor should not be used for such
applications without careful signal conditioning
to extract an accurate reading (as described be-
low), and they emphasize the need for regular
calibration. Further, long-term use of EC sensors,
even with cyclic purging, will introduce substan-
tial error.
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FIGURE 4. The fan assessment numeration system (FANS) deployed in a broiler house. The 5 anemometers
traverse the flow field, acquiring approximately 1.8 million data points in about 180 s. The average velocity is
multiplied by the effective cross sectional area to obtain the mean ventilation rate. The system is controlled by the
laptop computer in the foreground.
The first generation PMU was designed with a
negative pressure sampling system (pump placed
downstream of sensors) to eliminate potential ab-
sorption of gas by the air pump. However, leakage
in the negative pressure plumbing arrangement
caused drift in sensor responsiveness and made
the readings intermittently less reliable and incon-
sistent when compared with simultaneous hand-
held measurements. The second-generation PMU
uses a positive pressure air sampling system (i.e.,
supply pump placed upstream of the NH3 sen-
sors). An evaluation of the positive pressure sam-
pling system revealed that the 2 NH3 sensor read-
ings were much more consistent between them-
selves and when compared with the hand-held
monitor readings. The effect of gas absorption by
the sampling pump on NH3 readings during the
sampling cycles was found to be negligible, pre-
sumably due to the large volume of air (∼11 L/
min) moving through the pump and only the ali-
quant amount (0.5 L/min) passing through the
NH3 sensors. However, absorption did seem to
affect (elevate) the NH3 readings during the
purge cycles.
To reliably extract a single measured value
of NH3 concentration from each sample and purge
cycle, several data conditioning schemes were
evaluated, including maximum of the sampling
period, difference between maximum of the sam-
pling period and minimum of the purging period,
and the difference between maximum of the sam-
pling period and mean value of the last 2 min of
the purging period.
It has been previously shown [30] that there
was no significant difference between selecting
the maximum reading from the PMU over the
sampling period and the average reading from a
chemiluminescence analyzer over the measure-
ment cycle. In this performance evaluation [30]
of the second generation PMU, a chemilumines-
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FIGURE 5. Fan performance curve (airflow vs. static pressure across the fan) for a 1,220-mm fan (48-in.) FANS
= Fan Assessment Numeration System; BESS = University of Illinois BioEnvironmental Structural Systems Lab.
FIGURE 6. Performance variation among 1,220-mm (48-in.) fans in a single house. S14 = site 1, house 4; F1 to
F8 = fans 1 to 8, respectively.
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FIGURE 7. Building ventilation rate as determined by different methods. BESS = University of Illinois BioEnviron-
mental Structural Systems Lab.
cence NH3 analyzer [39] in the Purdue University
mobile laboratory, located at a laying hen facility
near West Lafayette, IN, was used for compari-
son. The maximum readings of the 5-min sam-
pling periods were taken as the PMU output, and
the corresponding 20-min averages from the mo-
bile laboratory measurements were used as refer-
ences. Over this test period, the mean difference
between the 2 methods was 0.1 ppm (SD = 3.2
ppm). These data show very reasonable
agreement between the 2 measurement systems.
Twenty-eight PMU were fabricated by per-
sonnel at the 3 cooperating Universities. An ex-
ample photograph (Figure 2) and schematic (Fig-
ure 3) are provided. A complete listing of compo-
nents used has been previously published [35].
Two Pac III H units are used in each PMU to
provide a backup and mutual check on the NH3
measurement. The adjustable on-off cycle timer
is used to set and control the sampling and purging
time by controlling the operation of a 3-way sole-
noid valve. The status of the timer contacts is
recorded using a voltage input connected to a
portable data logger [40]. Use of a sample gas
bypass line after the solenoid valve served 2 pur-
poses: 1) shortening the residence time of the
sampling or purging air in the delivery line and
2) reducing the workload for the air pump. The
air pump delivers approximately 11 L/min, al-
though the NH3 and CO2 sensors need only 0.5
to 0.6 L/min flow rate. Control of the flow-through
bypass and the sensors is done via 3 flow meters.
The pump is very quiet and generates little heat,
and the temperature increase inside the enclosure
relative to ambient temperature is generally less
than 2°C. Initially, no air filter was used upstream
of the solenoid valve; our aim was to preserve
the sample integrity. However, field tests revealed
accumulation of foreign material (particulates and
dead flies) in the valve and other PMU compo-
nents. To avoid such accumulation, an upstream
filter for sample and purging lines were installed.
These filters were replaced when moving the unit
between sites for biosecurity reasons.
GATES ET AL.: SYMPOSIUM: AIR EMISSIONS AND POULTRY PRODUCTION 631
The CO2 sensor used in the PMU was an
infrared type able to measure 0 to 5,000 ppm or
0 to 10,000 ppm and with analog output of 0 to
20 mA [41]. The sensor was placed downstream
of the pump. All components except for the pump
were mounted on a metal back plane, allowing
for easy transportation of the device.
Materials cost for one PMU is estimated to
be around $4,500 [2, 35]. This price is much
lower than that of a photoacoustic infrared ana-
lyzer (about $45,000 to 60,000), a thermal oxi-
dizer (chemiluminescence) NH3 analyzer (about
$16,500), or an infrared CO2 analyzer (about
$6,000). Admittedly, the sensitivity of the EC
NH3 sensor (1 ppm) was considerably lower than
that of the thermal oxidizer counterpart (down to
ppb level). When addressing building ER, how-
ever, the relatively large uncertainty associated
with determination of the building VR (as de-
scribed in the following section) generally makes
the concentration difference a less critical issue
for measuring building emissions.
OPERATION OF THE PMU
Before each field use, all Pac III units are
checked for calibration and programmed to col-
lect data at 30- or 60-s intervals. The units are
turned on upon arrival at the field site. The CO2
monitors were checked against the zero and span
calibration gases and were calibrated if necessary.
The data logger for the CO2 monitor and the
control timer for the solenoid switching measure-
ment was programmed to collect data at the same
interval and with a delayed start of specified date
and time. At the end of each monitoring episode
(2 to 3 d), the instruments were brought back to
the campus laboratory, data were downloaded,
and sensors were checked and calibrated or re-
placed as needed. The units were then cleaned
and disinfected to the extent possible without ad-
versely affecting the integrity of the sensors be-
fore they were used at another site.
MEASURING BUILDING VR
Direct Determination of Building VR
Using Fan Assessment Numeration System
The VR of a building is a critical measurement
for determining ER of a building. The technique
adopted in this project was to continuously mea-
sure and record the building static pressure differ-
ential and the operating status (on-off) of each
of the fans. This information was then used to
determine the flow through each fan, based on
knowledge of the performance characteristics of
each fan. The building VR is determined by sum-
ming all operating fan flow rates [4, 10]. Simmons
et al. [42] developed a portable anemometer array
called a fan assessment numeration system
(FANS) that would allow determination of the
output of large ventilation fans. We have further
refined and developed this instrument [2, 3, 43].
Individual fan airflow measurements are within
3% of actual airflow when assuming worst-case
conditions. In actual testing under certified fan
testing laboratory calibrations, FANS had a mean
imprecision of less than 1% for 915-mm (36-in.)
and 1,220-mm (48-in.) fans, which are commonly
found in US poultry houses [10].
Figure 4 is a photograph of the FANS unit
in operation to characterize the performance curve
of an exhaust fan in a broiler house. The unit was
sealed against a fan on the inside of the house,
and a series of measurements at different static
pressures were obtained. Fan flow for any static
pressure could then be determined from the re-
gression equation for these data. Figure 5 shows
a representative performance curve for such a
fan as determined at the University of Illinois
BioEnvironmental Structural Systems (BESS)
Laboratory without the FANS, at the test labora-
tory with the FANS, and also in situ by with the
FANS. Differences among curves in Figure 5
show some added complexities in measuring VR,
because there was inherent variability among fans
of a similar model and for the same fan over
time. There could be considerable variation in
performance characteristics among otherwise
identical fans within a single poultry house [10]
(Figure 6).
In these measurements, we found that the per-
formance of fans in situ was often substantially
less than the manufacturer’s rating or that ob-
tained from an independent testing laboratory.
This apparent performance degradation has been
attributed to installation and operation and main-
tenance factors. Within a modern tunnel-venti-
lated poultry house, fans used for minimum venti-
lation stages may run almost continuously
throughout the year, whereas fans on high ventila-
tion stages may only run for a few weeks during
the hottest period of the year. This variation in
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annual run time and the corresponding wear on
components (belts, pulleys, bearings, and shut-
ters) might partly explain the variation.
Any strategy for determining VR based on
manufacturer’s performance specifications or
even independent testing laboratory results are
likely to be in error if the performance of in situ
fans has degraded or if performance variations
exist between identical fans in the same house.
Because in situ fan performance will most likely
be less than manufacturer-stated values, an over-
estimate of ER is likely if this technique for VR
measurement is not used. Figure 7 shows a com-
parison of VR calculated with actual in situ fan
performance characteristics (i.e., derived from
FANS), published values from the University of
Illinois BESS laboratory [44], and nominal indus-
try rules-of-thumb ventilation estimates [e.g.,
17,000 m3/h (10,000 cfm) for a 915-mm (36-in.)
fan and 34,000 m3/h (20,000 cfm) for a 1,220-
mm (48-in.) fan]. Note that curves in Figure 7
represent whole-house VR and were obtained
from real-time static pressure recordings in con-
junction with fan performance curves (for BESS
or FANS method). As an example, during the
daytime of September third, building VR was
approximately 204,000 m3/h (120,000 cfm),
whereas it would have been estimated to be
234,000 or 240,000 m3/h (138,000 or 141,000
cfm) with the rule-of-thumb or the BESS labora-
tory data, respectively. Building ER would then
be overestimated by this same proportion (i.e., 15
or 17.5%, respectively).
Indirect Determination of the Building
VR by CO2 Balance
Hourly total heat production and respiratory
quotient of the hens [8] were used to estimate
CO2 production during light and dark periods of
the day using the following equations:
THP = 16.18O2 + 5.02 CO2 [1]
CONCLUSIONS AND APPLICATIONS
1. A low-cost, rugged, and reliable system for determining NH3 ER from poultry facilities has been
used for the past 2.5 yr in more than 24 broiler and layer houses in 3 states. The system is
composed of a PMU for measuring gas concentrations and building static pressure and determines
building VR from direct measurement using in situ fan performance curves, motor loggers, and
measured static pressure or indirectly from CO2 balance.
where THP = total heat production (W/kg), O2 =
O2 consumption rate (mL/s per kg), CO2 = CO2
production rate (mL/s per kg), and RQ = respira-





Substitution of equation [2] into equation [1]
relates CO2 production to heat production and
RQ. By measuring CO2 concentration of air enter-
ing and leaving the entire house and using pub-
lished data for RQ, building VR (cfm/lb or m3/h




where [CO2]e and [CO2]i = exhaust and incoming
air CO2 concentration (ppm), respectively. The
indirect determination of VR was used for layer
operations. The contribution of CO2 from layer
feces was included in this technique as has been
fully explained elsewhere [5, 29].
INTEGRATION OF PMU AND VR
TO OBTAIN EMISSIONS RATE
Final data quality analysis and quality control
are underway for the 3 Universities involved in
the poultry NH3 emissions project. Interim reports
and conference papers are available on our Web
site [2]. Baseline data and effects of management
practices are provided. With the methods outlined
in this paper, the effect of potential abatement
strategies to reduce ER can be evaluated on an
appropriate number of poultry houses so that
meaningful assessment can be made. Practical
and economical abatement methods are critical
for a sustainable US poultry industry. This system
for measuring ER should help to ensure that such
evaluations are done in a timely manner.
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2. This system for emissions measurement allows many buildings to be monitored on a periodic
basis as opposed to other systems with which 1 or 2 houses are continuously monitored.
3. The direct measurement of fan performance, followed by continual monitoring of fan activity and
building static pressure, is a critical component of this measurement system for broiler housing;
a CO2 balance method for VR is necessary for layer houses.
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